Pythium insidiosum was isolated from the subcutaneous tissue of a l-year-old tan crossbreed dog and from the intestinal tract of an 18-month-old Samoyed male. Gomori's methenamine silver stain was superior to hematoxylin and eosin in demonstrating the organism in tissue sections. The agent was identified as P. insidiosum by zoospore formation in an aqueous yeast extract solution containing grass blades. Exoantigens produced in culture were shown to be identical to known P. insidiosum antigens by microimmunodiffusion.
Subcutaneous pythiosis
occurs less frequently in dogs than similar infections involving the alimentary e incidence 20 is greatest in males of the larger breeds less than 3 years of age l,10 residing in states bordering the Gulf of Mexico. Pythiosis has a worldwide distribution in the tropics and subtropics 8 where higher temperatures are favorable for proliferation of the organism in water in which these dogs are exposed. l8 Phycomycosis was suggested as a convenient term to include a large variety of sparsely septate, filamentous organisms seen in granulomas whose diagnosis was usually dependent upon histologic demonstration without culture. 9 The term phycomycosis should not be applied to infections caused by Pythium insidiosum because this aquatic organism belongs in the order Peronosporales, phylum Oomycota, kingdom Protoctista. 8 The other organisms that were included in phycomycosis belong in the kingdom Fungi 9 and are reviewed. 2 Zygomycosis is the current term used to describe infections due to such genera as Mucor, Absidia, Rhizopus, and Mortierella, and replaces the term phycomycosis.
The use of special fungal stains, Gridley's or Gomori's methenamine silver stain, have been proven to be important in the histologic diagnosis of pythiosis. l0,l8 Immunofluorescence 6,l7 and indirect immunoperoxidase techniques have been used to identify Pythium in tissue. 4, 15 The purpose of this report is to describe 2 cases of canine pythiosis and to describe the methods for isolation and identification of the causative organism.
Materials and methods
Case histories. Case 1 was a 1-yr-old tan crossbreed male dog, weighing 15 kg, that developed a mass on his ventral abdomen. This mass was 3 cm high, 15-20 cm in diameter, and extended from the prepuce craniad to the caudal portion of the ventral thorax. The overlying skin had numerous vesicular areas, alopecia, and a dark color. The skin was tight and perforated with fistulae leading to deeper tissues. These fistulae discharged a serosanguineous fluid ( Fig. 1 ). Enlargement of the right popliteal node was detected. No other organ systems were involved. A biopsy of the subcutaneous granuloma, along with the dog for necropsy, was submitted to the College of Veterinary Medicine, Mississippi State University.
Case 2 was an 18-mo-old white Samoyed male weighing 16 kg. The animal had lived in the rural environs of Memphis, Tennessee, where he had frequent contact with a pond. Initial signs were bloody diarrhea, vomiting of a browncolored vomitus, halitosis, and anorexia.
Physical examination revealed a palpable cylindrical mass in the cranial abdomen. Ultrasound showed a segmental thickening of the proximal small intestine. This thickening was characteristic of infiltrative bowel disease due to phycomycosis. Aspiration of this mass showed a chronic inflammatory reaction made up of neutrophils, eosinophils, and macrophages, but no etiologic agent was present.
Exploratory celiotomy led to resection of 0.5 m of the most severely thickened portion of the small intestines ( Fig. 2 ). There was more extensive involvement of the intestine, which precluded complete excision of all affected areas. A surgical biopsy of the intestine was submitted for histopathological examination, and a biopsy tissue and a swab of the lesion were submitted for culture.
Histopathologic methods. In case 1, a portion of the subcutaneous granuloma, tissue from necropsy, and intestine were fixed in 10% formalin, cut at 5 µm, and stained with hematoxylin and eosin (HE) and Gomori's methenamine silver stain.
Microbiological examination. Fresh tissue from both cases were plated on 5% sheep blood agar a trypticase base aerobically and anaerobically and were incubated at 37 C. The swab was cultured in brain-heart infusion (BHI) broth. b Zoosporeproduction. The identification procedure for the fungal isolates was as follows. Agar blocks with vegetative mycelial growth from a 3-day-old colony on SAB dextrose agar were cut out aseptically and transferred to plates containing 20 ml of distilled water fortified with 0.2 ml of 10% yeast extract solution. The yeast extract solution was filtered, sterilized, and refrigerated at 4 C before use. Fresh grass blades, 2 cm in length, were boiled in distilled water for 5 min and allowed to cool. About 10-l5 pieces of boiled grass were added to the plates, and the preparation was incubated at 30 C in the dark for 5 hr. At the end of the incubation period grass blades were removed and examined for zoosporangia and motile, biflagellate zoospores.
Exoantigen test. This technique was applied to the subcultures of the dog isolates against P. insidiosum antiserum" and a known P. insidiosum antigen" using a microdiffusion test. l6
Results
Pathology. Necropsy examination of case 1 showed marked thickening of the ventral abdominal wall, dermis, subcutis, abdominal and diaphragmatic muscle, liver capsule, stomach serosa, and distal rib at the costochondral junction due to proliferation of granulation tissue, which contained large areas of necrosis. Incidental findings were acute subpleural hemorrhage. Live adult heartworms were present in the right ventricle and pulmonary artery.
Histologically, the granulation tissue contained a mixture of macrophages and neutrophils. Gomori's methenamine silver stain revealed large numbers of branching nonseptate hyphae. Necrosis and thrombosis of blood vessels were found. The lungs showed pneumonitis. The bone marrow manifested hyperplasia with maturation arrest. There was a histiocytosis The biopsy (case 1) was characterized by intense periglandular and perifollicular inflammation in the superficial dermis. Foci of purulent, pyogranulomatous, and granulomatous inflammation were seen throughout the deeper dermis and were associated with large amounts of collagen fibers and neovascularization. The foci of granulomatous and pyogranulomatous inflammation were associated with numerous epithelioid cells and multinucleated foreign body cells. Although no microorganisms were seen by means of HE stain, some of the cells had a vacuolated appearance, suggesting the presence of fungal hyphae. Gomori's methenamine silver stain was employed to identify the fungal hyphae that were found in large numbers throughout. The hyphal structures had nonparallel sides and were branching and septate. The organisms were consistent with those described for phycomycosis. Similar hyphal elements were present in the intestinal lesion of the dog in case 2.
Microbiological cultures. A light growth of Staph-ylOCOCCUS intermedius, susceptible to many antibiotics, was isolated from the blood agar. Also, a single colony of a "fungus" was isolated on the aerobic blood agar at 48 hr. The BHI broth yielded mycelial growth at 24 hr at 37 C. The growth looked like strands of fibrin and had a mucoid consistency when retrieved from the broth with a loop.
The mycelial growth from the plate and broth produced broad, sparsely septate hyphae, which on blood agar subculture developed a thick mat of gray-white hyphal growth that penetrated the superficial layer. A pellicle formed on the surface of BHI broth after 5 days. Growth was abundant at 37 C in 24 hr and sparse at 20 C after 48 hr. The growth was barely visible on SAB agar at 20 C. No growth occurred on Mycosel Canine pythiosis agar. b Cornmeal agar b gave a faint yellow colony with a glabrous folded surface. After 5 days on a cornmeal agar slide culture, chlamydospores were formed (Fig.  3) . Cultures died at 5 C but survived at room temperature.
Species identification of isolates. Colonies on commeal agar, 2% malt extract agar, and SAB dextrose agar (Emmon) were submerged, white to off-white becoming yellowish with age. There was no aerial growth. Growth on all 3 media was radiating with a vague margin. The growth at 37 C and 40 C was more luxuriant than at 25 C. Microscopically, hyphae were broad, 4-10 µm in diameter, hyaline, sparsely septate, and branched, with branches often perpendicular to main hyphae. In older colonies, intercalary chlamydospores were often present. No other spores were produced.
Zoospore production. Tubular, filamentous zoosporangia, developing as lateral or terminal branches from the vegetative hyphae growing on grass blades, were readily observed. The terminal portions of such zoosporangia contained granular cytoplasm that emptied into terminal globose to subglobose vesicles (Fig.  4) . Through progressive cleavage, biflagellate zoospores were formed inside the vesicles, which were released through a break in the vesicle wall. The motile zoospores soon encysted and were globose to subglobose, measuring 8-12 µm in diameter ( Fig. 5 ).
Exoantigen test. The dog isolates produced 3 precipitin bands against P. insidiosum antiserum identical with the reference antigen. Based on the production of biflagellate zoospores, growth of the isolates at 37 C and 40 C, and the exoantigen test results, the dog isolates were identified as P. insidiosum.
Discussion
These results showed that the staining and culturing methods were very effective in demonstrating hyphal elements in tissue and isolating and identifying P. insidiosum from canine tissues. Pythium insidiosum has been isolated from dogs, horses, cattle, and humans?
Pythium is a unique aquatic pathogen that produces biflagellate zoospores that are attracted to damaged tissue and hair. 8 Evidence is accumulating that most of phycomycoses of the canine intestinal tract are caused by Pythium 10, 18 Isolation of the organism is best accomplished by washing tissue or clumps of fungal growth and plating these on SAB dextrose agar, cornmeal agar, vegetable extract agar, or blood agar or dropping them into BHI broth. Australian isolates of Pythium from horses have been identified as Pythium destruens sp. nov. These isolates are probably identical to P. insidiosum, which is the correct nomenclature because the latter has priority. 22 Growth of Pythium isolates is rapid in 24 hr and is most abundant at 37 C l0, 18 The rapid growth of these 2 isolates at 37 C is a 'unique character of these organisms. Many other phycomycetes grow more readily at room temperature. The survivability of Pythium sp. decreases at 5 C, and the organism is killed by freezing?
Tentative identification of the organism is made by demonstrating motile biflagellate zoospores in yeast extract water with grass blades. This procedure is valuable in the identification of the character of canine isolates and can be accomplished in any bacteriology laboratory. Many members of the order Peronosporales form biflagellate zoospores.
The formation of oogonia in the sexual phase is necessary for final identification. Our isolates failed to form oogonia on cornmeal agar. Sterols are necessary for the production of oospores. 13 Cornmeal agar and wheat germ oil have been suggested as an appropriate medium for production of oogonia. 23 As an alternative to morphologic methods, the microimmunodiffusion exoantigen test applied to cultures provides final identification. Reagents for this test are not available from a commercial source, and cultures must be sent to a reference laboratory; however, this procedure eliminates the necessity for observing oogonia.
When hyphae are observed in tissues stained by Gridley's fungal stain or Gomori's methenamine silver stain, the indirect immunoperoxidase test or the fluorescent antibody method should be applied for more definite diagnosis.
